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PROCESS FOR RECOVERY OF SULPHATE OP POTASH 
Field of the invention 

The present invention provides an integrated process for the recovery, of 
sulphate of potash (SOP) from sulphate-rich bittern. The process requires only bittern 
and lime as raw materials and affords, besides SOP, low boron containing Mg(OH)2 , 
gypsum and salt, as co-products, all of which are obtained in pure form. 
Background of the invention 

SOP is a dual fertilizer containing 50% K 2 0 and 18% S. It has the lowest salt 
index and is virtually free of chloride, which makes it a superior fertilizer to muriate of 
potash (MOP). On the other hand, MOP is easy to produce, especially, when 
brine/bittern is low in sulphate content such as in the Dead Sea and this accounts for its 
lower price compared to SOP. Countries such as India, which do not have low sulphate 
bittern, but which have adequate bittern of sea and sub-soil origin, would be greatly 
benefited if SOP can be produced economically from such bittern sources. Besides its 
15 application as a fertilizer, potassium sulphate has numerous industrial applications as 
well. 

Mg(OH) 2 is commercially used in pulp and paper industries and also as antacid 
and fire retardant. Waste water and acidic effluent treatment represent additional high 
growth areas for its application. Mg(OH>2 is also used for production of magnesia 
20 (MgO), magnesium carbonate and other magnesium chemicals. Mg(OH) 2 that is low in 
B 2 0 3 impurity is especially suitable for production of refractory grade MgO. High 
quality gypsum (CaS0 4 .2H 2 0) finds applications in the white cement industry and for 
manufacture of high strength a and p Plaster of Paris. Sodium chloride that contains 
small quantities of potassium chloride finds application in the edible salt industry. 

Reference is made to the well-known Mannheim process involving reaction of 
MOP with sulphuric acid. The major problem with the process is that it is energy, 
intensive and poses a problem of HC1 management when no application of 
commensurate volume for HC1 is available in the vicinity. L A. Fernandez Lozano and 
A. Wint, ("Production of potassium sulphate by an ammoniation process", Chemical 
30 Engineer, 349, pp 688-690, October 1979) disclose a process of SOP manufacture from 
MOP through reaction with gypsum in presence of ammonia. The principle of the 
process is double decomposition reaction between gypsum and potassium chloride in 
presence of ammonia at 0°C. The main disadvantage of the process is that it is energy 
intensive and necessitates careful design of the reactor for safe operation. 
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H. Scherzberg et al. ('Messo pilots new potassium sulphate process' 
Phosphorous & Potassium, 178, March-April 1992, p-20) describe the successful trials 
on a process involving reaction of MOP with sodium sulphate to produce the double 
salt glaserite <3K 2 SO 4 .Na 2 S0 4 ). The glaserite is in turn reacted with MOP to produce 
SOP. The main disadvantage of the process is that it would be unsuitable for those who 
do hot have access to such raw materials. Moreover, the process involves several 
complex unit operations including the need for chilling. Such processes have their 
limitation on large scale. 

H. Scherzberg and R. Schmitz ('Duisberg's alternative to Mannheim' 
Phosphorous 4 Potassium, 178, March-April 1992, p-20), describe an integrated 
process for production of SOP from KC1 and MgS0 4 or Na 2 S0 4 . The main drawback of 
the process is that the amount of NaCl in raw materials has a critical effect on the 
process and, as such, is less applicable to crude mixed salt as obtained from sea bittern. 
Another disadvantage is that the process involves heating and cooling which makes it 
energy intensive. Yet another disadvantage is that the by-product obtained is MgCl 2 in 
concentrated solution form which has a limited market and lower appeal compared to 
low B 2 0 3 containing Mg(OH) 2 solid produced as part of the integrated process of the 
present invention. 

G. D. Bhatt et al. ('Mixed Salt from Sea Bittern', Salt Research & Industry, 2, 
126-128, 1969) describe a process for the manufacture of mixed salt, i.e., comprising of 
a mixture of NaCl and kainite (KCl.MgSO4.3H3O), from sea bittern through solar 
evaporation and fractional crystallisation. . 

Patel et al, (Salt Research & Industry, Vol.6, No. 14, 1969) disclose a process 
for the preparation of syngenite from mixed salt in pure form. K. P. Patel, R. P. Vyas 
and K. Seshadri ('Potassium Sulphate from Syngenite'. Salt Research & Industry, 
Vol.6, No. 2, April 1969) disclose a process for preparation of SOP by leaching 
syngenite (K 2 S0 4 .CaS0 4 .H 2 0) with hot water and then recovering it by solar 
evaporation. The main drawback of the process is that it is energy intensive. Moreover, 
production of syngenite from mixed salt is itself an involved affair. 

K. Sehsadri et al ( "Manufacture of Potassium chloride and byproducts from Sea 
Bittern- Salt Research and Industry, April-July 1970, Vol. 7, page 39-44) disclose a 
process wherein mixed salt (NaCl and kainite) obtained from bittern is dispersed with 
high density bittern in proper proportion and heated to a temperature of H0°C when 
kieserite (MgS0 4 .H 2 0) is formed which is separated by filtering the slurry under hot 
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out Carnal,,* . decomposed -.^^.^ mixture of ^ 
potass „„ chioride while magnesium chloride goea into sototion. Solid mix^rf 
potasa,™ Cdo.de and chloride is purifled ^ ^ w ~ 

5 pure pomssmm chloride. The dmwback. of foia proceas ere foa, it ms \ J^Z 
foe sulphate content in bittern and, instead, offers an el.w. , 
of MOP u,h,„t, ;« . . """'• oaers » elaborate process for manufacture 

ot MOP, which, in any case, is inferior to SOP as fertilizer. 

US Parent Application Number 20030080066 dated October 29, 2001 by Vohra 
R^der N. e,. a,, disdoaes an integrated precess for recover of hi* p Jit, £ 
l ^ chloride, and end bitrem confctofog 7 , „ B , ^ pt J is P ^ 

» 2r ; brine "* diai,ier *- ° f - - ^ - — ^1 

~ T " m ™ d ■* * — <™ - - P— —on is ft* 
*e proems is lesa aamctive when distiller waare is no. available fo fte ^ and to 

precesa hec.mea less economic* when c^ire haa to be obtained fiom bitren, 
wiunout p^ncrioo ofmduahiai grade *fc Moreover, as in me caae referred to above 
^* '° SUlptae — - - *•» produce SOP in preference to 

Pora, MiC ^' "J""" < * GrM, fHtilC haIVes( fe < IMC> '» «■•*»- * 

225, ,an-Feb. 2000) describe a psoceas compriaing concerning die brine 

containing 0.2*4% KCi, havesting mixed aalt. separation of high sodium chioride 
taction fa,,,, fl(Mtetioni ^ ^ ^ ^ ^ schoenite, ho. 

water draaoiurion of achoenite, fractional crystaltization of SOP and recycling of mother 
hquor containing up to 30% of origmal K to evaporation pond. Tie main drawbacks of 
UK proceas arci (i) need for floatation which involves use of organic chemicala whose 
diapoaa. . problematic, (ti) need for extama. hea, for recovery of SOP fa. achoenite 
-laough ftaction., cryatal.iz.tion a, elevatad tamperafore, (iii) need for recyciing of as 
much as 30% of K to evaporation pond, where i, a,.i„ 6?ts aMmb J l J £ 
components of the brine. 

to UBtmmn-s Encyclopedia of Industrie Chemistry. Sixth Edition, 1999, under 
Chapter, Potaasium compounds, a description of a process for production of SOP in 
Sictiy ,a g.ven. Katoita (KCI ■ MgSO, . 2.76 H.O), la obtained torn a potaah ore by 
flotation It i. met, convex into acboenite ,, ca. 25'C by stirring with mother ii,uor 
conmtmng foe sulfates of potasaium and magnesium from foe later smges of the 
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~ scoem* „ alttred offand decomposed ^ ^ 

«P— •** P". of the potaasium sulfete to ^ Md ^ ~ 

m. am** t0 ^ ^ m fflteted Md ^ 

the process are u, ere la „ ^ ^ ^ ^ 

_ ^ toto schoenite ^ ^ ^ ^ coMMeraWe J- 
£and fc need for externa, source of heat to effect the fracfion* cryatoUtoadon 0 f 
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Zha ^ ^ ° N 2000 - 112497 ' 29 A »* 2000, by Song, Wenyi; Liu, Y„. 
Zhao. Stoxmng; Dai, Fangfa, Men mefood for preparing from sulphate ^ K . 

coning bmern. Tie me«hod comprtoea concentrating foe bine m, separating NaC, 
concentrating ,o obtain erode K-Mg sal. confining ,0-45% N.C., cn^htog, mixing 
™fo saturated bitten, „ obain „ ^ ^ MnoMtratioii ^ « 

Nad by baok.floara.ion, concentrating, dewatering «o obtein refined K-Mg sai, 
.ban „ NM, mixing the K-Mg salt and water at apeoified ratio 
al.ow.ng me mboure to reacr at ,0-60-F for 0 .5-3hr, separating fo obain schoenite 
moong wun KC1 and water a. apeoified ratio, allowing me mixtare 0 . 76T 
for 0,25-3hr and separating to obtain K3SO4. Tbe drawtouka of foe process are (i) need 
for elaborate merbod of purification of mixed aah ma. include, removing NaCl by me 
km deairable method of back floatation the, involves use of organio chemicals, (ii) lack 
of any mention of me manner in whieh me various effluent tfreams are deal, with, and 
(...) dependence on outsourced KC1 since no mention ia made of any proceas for KC1 
production as part of the process. 

J.H. Hildebrand ("Extraction of Potash and otter Constituents from « water 
MM- to Journal of InduaWal and Engineering Chemistry, Vo!. 10, No. 2, 1918. pp 
96-106) describe theoretical aspects of the recovery of potash from aea bittern and 
propose a process for extraction. According fo mis process, bittern to evaporated a, a 
ternperamre b«ween 100-120^. thereby forming a solid mixture of sodium chloride 
and kteserite (MgoCHrO). separating mis mixture under ho, conditiona m a h^ed 
cenmfuge, and cooling the mother Uouo, to a cooler for separation of cunallHe 
Carnallite is decomposed and wafoed with w«er ,„ produce potossium chloride. The 
drawback of mis process is that it ia denuding to tern, of energy requirement and 
sufficentiy pure carnalHte canno, be obtetoeo. The main drawback of the process is foe 
contamination of kteserite with NaCl, which would necessitate forme, purification to 
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ob tai » products in ^ &rm Another 

e»rgy * remove sulphate ta biten „ to fom of ^ wher ^;~ 
preferable to utilize the aulphate for the production of SOP 

5 from J,' wTV, ^ ( ' Pn "' U0,i0n ° f P<>teSSiUm ^ *» Sal. obtained 

5 ta t* Wortca of tad. Rann Of Kutch' m *„„ rcA & ~ 

October 19 «) describe a ptocosa using floMa , iM ^ for * ^ ^ 

L^ZZTJZ - — - - -works of ; 

L .tie Rann of Kutch. Tlte process auffera ftom the drawback of lack of Stability when 
h* adnata containing aea bfctem ia used and tbe need for fto th floatation. Z2l 
10 costly, cumbersome and polluting. 

Reference is made to the Chapter in UUmann's Encyclopedia of .Industrial 
Chemtauy ^ ^ 2002> ^ ^ ^ 

Compounds written b y Margarcte Seeger, Walter Otio, WUhehr. Filch, Priedrich 

hydrox.de from aeawater i. deacribod. I, ia .neutioned .herein that prcpa^on of low 
boron containing magnesia require* over liming „f * t Myma up „, pH , 2 to 
matntain B.O, content les3 than „.05% in nugneaia. Over liming involves higher lime 
cos, need for neu.raUaa.ion of supematen, and rcaults in a colloidal suspension which 
* no. easy to flto. Another drawback .s a lack of apptication of calcium chloride- 
10 containing effluent which is discharged back into the sea. 

^' A P^™No.423211.CA 1203666,byWendlmgetaldtIed,-IWsa 
for the nutnufaoture of potnt»uum sulphate by treatment of solution contain™ 
magnesium chloride and potassium chloride" describe, , proces „ „ ^ 
potassium sulphate from soluriona containing magnesium chloride, such as solutions of 
Carmlli,e ° K "* to I-*"** «• equilibrium mother liquors of a unit for the 
treatment of camalUte. According to Una process, sodium aulphate and potassium 
chlonde are added to the solutions containing masnesilml cMoridei „ „ „, 
aodtum chloride and achoenite, ICSO.MgSO.SHaO, and the achoenite obtained is 
treated m a known manner to produce potassium aulphate. Tie main drawback of the 
ptoceas ia the need to outsource sodium aulphate and the lack of any mention of a 
solution to the problem of KCI loss in effluent streams. 

H. Ourbuz et al. (-Recovery of Potassium Salts from Bittern by Potassium 
Pentor«eCrystalUsadon'm&^K 0 „ J « e n«4i 7WWWi31c ^ W6 ^ 85? _ 
870) disclose the preparation of sodium pentaborate from the reaction of Tmcal and 
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recycled H 3 B0 3 in presence of water and thereafter treated with bittern to selectively 
precipitate out potassium pentaborate, which in turn is acidulated with sulphuric acid 
and fractionally crystallized to remove K 2 S0 4 and recycle the H3BO3 in the process. 
The main drawbacks of the process are that the mother liquor contains significant 
quantities of boron, which entails elaborate procedure to recover boron and, moreover, 
the MgO obtained from such mother liquor would be unfit for industrial use. Moreover,' 
although such a process can still be thought of for sulphate poor bittern, it would not be 
a preferred route when the bittern is rich in sulphate content Yet another drawback is 
the need to chill the acidulated product for high yield. 

A. S. Mehta (Indian Chemical Engineer, 45(2), 2003, p. 73) describes a process 
of bromine manufacture from bittern. Bittern is acidified with sulphuric acid to a pH of 
3.0-3.5 and the bromide ion is then oxidized with chlorine and stripped off with the 
help of steam. The acidic denominated bittern is neutralized with lime, the sludge 
thus formed removed, and the effluent discharged. Bromine plants located in me 
vicinity of natural salt beds in the Greater Rann of Kutch in Gujarat, India utilize 
natural bittern for bromine production by the above method and discharge their effluent 
back into the Rann. Disposal of sludge poses a formidable challenge in these plants. 

Chr. Balarew, D.Rabadjieva and S. Tepavitcharova ("Improved Treatment of 
Waste Brines " International Symposium on Salt 2000, page 551-554) describe recovery 
of marine chemicals. The authors describe the use of lime for precipitation of Mg(OH) 2 
from a part of available bittern, and desulphatation of balance bittern with the resultant 
CaCl 2 solution for recovery of KC1 via camallite. The authors have not discussed any 
• scheme of utilizing such methodology for production of SOP from sulphate-rich bittern. 
Moreover, as will be evident later, Mg(OH) 2 produced directly from raw bittern has 
25 muchhigher B 2 0 3 content compared to Mg(OH) 2 prepared from the Mg 2 * source of the 
present invention, which is linked to production of SOP. 

Chinese Patent No. 1084492, Lu Zheng, describes a process of manufacture of 
SOP from bittern and potassium chloride. In this process, bittern is processed by 
evaporation, cooling, floatation, and is then reacted with potassium chloride to make 
potassium sulfate and by-products of industrial salt and residual brine. The main 
drawbacks of this process are that it requires involved separation techniques like 
floatation to remove NaCl from mixed salt and KCl required for production of SOP 
from schoenite has to be procured separately. Moreover, although overall yield in 
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m^LT* """" " yleU ^ '° "* ~ « is no, 

Objects of the invention 

SOP " "? !!T **" ««— lto " a - - !«— >**'MK 

S; T 1 * binom "* - - >*- - — in . cost 

Another objecs is * dispense ^ ^ nM(J fc ^ ^ ^ ^ 

mtxed sait and iosfcad „ leach away Nad in the cote UqU or (SEL) and 
simultaneously convert kainite into schoenite. 

Another object i s „ p^nce S0P ^ Khoenit<! ^ ^.^ 
tough the known method of reaction with KCI in presence of water and whemin the 
MOP » generated from SEL eliminating the need to source i, externally 

Another object is to maximize recovery of potash in the form of SOP fixm, 
mixed salt. 

Another object is to desulphate the SEL cost-effectively to promote camallite 
formation. 

Another object is to evaporate desulphated SEL in a multiple effect evaporator 
to recover water for reuse. 

Another object is to utilize the NaCl separated as edible salt. 

Another object is to utilize the MgCl 2 -rich camallite decomposed liquor (CDL) 
for cost- effective production of CaCl 2 and Mg(OH) 2 through treatment with lime. 

Another object is to utilize the . washings from Mg(OH) 2 filtration for 
• preparation of slaked lime from quick lime which conserves water and recycles residual 
CaCl 2 in the washings. 

Another object is to utilize the CaCl 2 solution above for desulphatation of SEL 
Another object is to recover KCI that is lost in CDL by recycling the latter in the 
manner described above. 

Another object is to show that MgO produced from the above Mg(OH)2 
contains very low (< 0.03 %) levels of B 2 C- 3 impurity. 

Another object is to minimize effluent generation in the process and instead to 
utilize effluent to enhance potash recovery or to convert into value-added products. 

Another object is to replace conventionally employed slaked lime with 
Mg(OH) 2 generated in the process of the invention for neutralization of acidic 
denominated bittern to eliminate sludge formation when acids such as sulphuric acid 

7 
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- for Nation of bittern and ^ ^ such ^ 
useful for mixed salt production. «*"«cry 
Summary of the invention 

The present invention provide, an inteerated procras fc , 
sulphate of potash from bitterns, comprising: 

CO subjecting bte „ to ^ to obtain Kainite type mixed ssi, 

«* h,gh fcanute «,»*„, and MgCfe-rich end bittern, and subjecting rite MgC12 
rich end bittern to desulphation; 
00 treating the kainite type mixed salt with water and mother liquor obtained in 
step (xui) below to leach out substantially all NaCI from the mixed salt and 
simultaneously convert kainite into schoenite; 
Oii) filtering the schoenite and separating the filtrate; 

(iv) desulphating the filtrate with aqueous CaCl 2 ; 

(v) filtering the gypsum produced in step (iv) and mixing the filtrate with the 
MgCl 2 -nch filtrate obtained in step (vii) below, 

(vi) evaporating the resultant solution of step (v) and cooling to ambient temperature 
to crystallize crude camallite, 

(vii) centreing the crude carnaltite and recycling the required quantity of filtrate to 
step(v), 

20 (viii) decomposing the crude camallite with appropriate quantity of water from step 
(vi) to yield crude KC1 and camallite decomposed liquor; 
filtering the crude KCl. and washing with water to remove adhering MgCl 2 and 
subjecting to hot leaching for production of MOP and NaCI, 
GO mixing the camallite deeomposed liquor from step (viii) and washing from step 
(ix).and treating with hydrated lime, 

(xi) filtering the slurry and washing the cake to produce Mg(OH) 2 and CaCl 2 - 
containing filtrate for the desulphatation process of step (iv). 

(xii) treating by known method the schoenite produced in step (iii) with MOP 
produced in step (ix) to produce SOP under ambient condition, 

30 (xiii) filtering the SOP and collecting separately the mother liquor hereinafter referred 
to as KEL, 

(xiv) recycling the KEL of step (xiii) in the process of step (ii). 
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«* CaCl 3 and water procnrell ^ X 

the process of the invention ae described above. 

« Id 1 c 1 " Pr0dUC,i0n ° f ■* " d ~ » «- P- 

0.5 ! -.*» -Blll4fcHJlll ■ 
.0 mtrurnrze loss of K front mixed sal, without hamperin B transfbrmanon of JnL m 
schoenite and leaching ofNadfrom the mixed salt. ^ 
in another „ mbo d iment of ^ 

m ra "° ° f,:<U -° 6: '- 2 10 ^ S ° P ^ «• - the MOP 

is produced in situ from SEL. 

" whicb ^Z^T^'^^^^^^^ftomoatnai^ 
winch, „ nnn, » obtamed ^ desulpllaKtion of SEL> 

MgC, 2 h„„„ r into d. ratio of , p^ of desulphated ^ ^ * 

liquor, and forced evaporation till the ™l,,t,™ - • 

purauon tin tne solution attains a temperature of 120-128 °C at 

atmospheric pressure. 

20 ofN k™!^^ 0 ™ 6 ^^ 

of NaC is cooled to room temperature whereupon carnallite is obtained upon filtration 
while *e filtrate contains 400-440 g/L of MgCl 2 and is recycled back into a fresh lot of 
•desulphated SEL for further production of carnallite. 

In another embodiment of the present process, the wet carnallite is treated with 
25 water m the ratio of 1 :0.4-0.6 to obtain crude KC1. 

In another embodiment of the present process, the magnesium chloride in 
carnallite decomposed liquor is supplemented with MgCl 2 in the end liquor and treated 
with lime to produce MtfOH), and required quantity of calcium chloride solution (20- 
30% strength w/v)for desulphatation of SEL. 
3Q In another embodiment of the present process, the M g (OH) 2 is calcined in the 

temperature range of 800-900°C to produce MgO with < 0.04% B 2 0 3 . 

In another embodiment of the present process, fresh water requirement is kept 
to a minimum by recycling water from forced evaporation step along with washing 
generated m the purification of gypsum, Mg(OHh and KC1. 
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Detailed description 

' -r rnrrsrjs rrrr- 

simultaneously performed in « • , X6d Salt can be 

y pert£>rmed in a single operation with minimum loss of Kci in • , 
salt. Another inventive ,v C1 m 

tner inventive step is se lf reliance wherein the need for outsourced MOP i. 

venuve step is the desulphatation of SEL reauired for MrkD « a 

e^tnabng the proMem of Csaj WMe -J^t 
*«^M« tato ^ A^her revive a,e P ~ of 

Mecoh) 2 » d , « . resull> m %0 obKined ^ v 

oca, use ,f crud e Mg(0H)j fcr rf 

o paction of mixed ^ ^ ^ js ««- ^ 

- — « « of water wUle ^toneo,^ ^ ^ ^ 
address the problem of effluent disposal. «>venesand 

™" f° Uowin * —H*. "..given by way „ f muslration ^ 
nonaged to Italt the scope of present invention. 
EXAMPLE-1 

subieeteoto T" * ^ *» * ^ ** «— - 

to solar evaporation „ a ^ paa ^ flrst 

Cn * ^ ™ ~ - *° Be- (sp. g, ,.3 06 , ^ biBem ^ ^ 
evaporate, to 3 5 5 » Be- (sp . g, , . 324) „„, ^ ^ ^ • , ^ 

T*. bittem (.00 *> was tranafctred to a second lined pan ^ sota 

evaporatron w. continued whereupon .6 tons of kainito type mixed sal. and 26 M' o, 
end bdten, were obtained. The mixed aai, was rurther processed for preductton of 
acWtto us described in subsequent examples whiie a pan of the end bitten, wa, 
deauiphatod „.«, outsoureed cUchnn chloHde to generate deauiphatod end bin™. A 
par. of the deauiphatod end binem was subsequently treated win, hydretod lime „ 
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Tf , " ma8nMiUm ^ «— -1UU0 D 

aw end b itKm „ as ^ as Mg c k source „ ,he „ ' Dromot 

can*, ta. formation from desulphared SEL. Similar events were also conducted 

Tlir ^ ° mttm !UCh " btem '" ,d bitttm ""^ — bro »- 

EXAMPLE-2 

.< w v T ', 42 0 ^ ° f kaWte tyPC ^ ^ chemical ^position: KCi - 
5.5 A NaCl -14.60/0, MgS0 4 -39.5% and, was treated with 140 L of water and stirred 
for 2 5 hr m a vessel. The slurry Was filtercd ^ basket ^ ^ ^ q 

kg of schoenite as solid product, analysing K 2 S0 4 - 38.0%, MgS0 4 - 30. 2 o/o, and NaCl 
- 1.2%, and 200 L of filtrate (SEL), analysing KCI - 7.6, Nad - 16.1%, MgSC, - 
21.1 /, , and MgO,, 8.4%. The schoenite was treated with solution of 12.5 kg of MOP 
in 49.0 L of water under agitation for 3.5 hr. The slurry was filtered to obtain 16 0 kg 
SOP analyzing K,S0 4 - 95.0o/o, NaCl - 1.0%, Mg S0 4 - ,.0%, and 60 L of filiate 
(KEL) analyzing KCI- 1 5.0%, NaCl -1 .5%, MgSC 4 - 9.7%, and MgCl 2 - 3.9% 
EXAMPLE-3 

60.0 kg of the mixed salt having the same composition as in Example-2 was 
taken along with the KEL obtained in Example-2. 27 L of water was additionally 
added and me contents were stirred for 2.5 hr. The slurry was filtered in a centrifuge to 
obtam 26.0 kg of schoenite analysing ^0,-39.7%, MgS0 4 - 29. 5 o/ 0 , NaCl - 0 7% 
and MgCla - 0.6%, and 95.0 L of filtrate (SEL), analysing as KCI - 9.9%, NaCl - 
• 13.00/0, MgS0 4 - 18.6%, and MgCfe- 6.0o/ od . The schoenite was reacted with solution 
of 10.4 kg of MOP in 38 L of water in a vessel under stirring for 3.5 hr. The resultant 
slurry, was filtered using centrifuge to obtain 14.5 kg SOP analyzing K 2 S0 4 - 98.1, 
NaCl - 0.20/c, MgS0 4 - 1.4%, and 45 L of filtrate (KEL) analysing as K 2 S0 4 - I2.40/0,' 
KCI - 6. 15%, NaCl - 0.9%, MgS0 4 - 1.0%, and MgCl 2 - IO.20/0, 
EXAMPLE-4 

104 kg of mixed salt analyzing KCI - Km, NaCl - 16.5%, MgS0 4 - 41.6o/ 0 , 
was reacted with 100 L of KEL analysing as K 2 S0 4 ^ 13.9o/o, NaCl - 2.8%, and MgCli 
- 11.6%, and 40 L of water for 2 hr. The slurry was centrifuged to get 34.8 kg of 
schoenite analyzing K 2 S0 4 - 37.0%, MgS0 4 - 30.3%, and NaCl - 4.9%, , and 190.0 L 
of filtrate (SEL) analysing as KCI - 9.5»/o, NaCl - 13.0%, MgS0 4 - 15.1% , MgCl 2 - 
8.0%, and. The schoenite was further reacted with a solution of 12.5 kg MOP in 46 0 L 
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97.3/0, NaCl - 0.2%, and MgS0 4 - 3.0% and KEL as KCl - 16.7%, NaC1 _ , 3 o /o 
MgS0 4 - 1 1 .0%, and MgCl 2 - 2.7%. 
EXAMPLE-5 

In this experiment 150.0 kg of mixed salt analysing as KCl - 13 1% NaCl 
19 J* MgSC, - 38.0o/ 0> Mg C, 2 - ,.9./, and was taken in a vessel along with L of 
KEL, analyzing KCl - 17.0%, NaCl -3.3%, MgSC, - 9.0% , M g Ci 2 - 1.9%, and60L 
of water and stirred for 2 hr. The resultant slurry was centrifuged to get 49 9 kg of 
schoenite analyzing K.SO, - 42.0%, MgS0 4 - 32.2%, NaCl - 0.7%, and 255 L of 
filtrate (SEL) analysing as KCl - 10.5%. NaCl _ 12 .3%, MgS0 4 - 13.7% MgCl 2 - 
6.70%. The schoenite was reacted with a solution of 19.0 kg of MOP in 75 L of water 
for 3.5 hr in a vessel with continuous stirring. The slurry was centrifuged to get 27 0 kg 
of SOP analysed as K 2 S0 4 - 94.3%, NaCl - 0.2%, and MgS0 4 - 3.7%, and 85 L of 

15 f 0 ^ te( ^ L) '^ Iy ^ 
EXAMPLE-6 

59 L of desulphated end bittern obtained in Example-1 having chemical 
composition: KCl - 1.15 %, NaCl 1.3%, MgCl 2 - 41.2%, CaS0 4 - traces was diluted 
with 40 L of water and treated with 14.7 kg of freshly prepared hydrated lime (87.7 % 
20 active strength) for t hr. The resultant slurry was filtered and the cake was washed 
wxth 30 L of water. 90 L of total filtrate containing CaCl 2 -22.3% and MgCl 2 - 3.0% was 
obtained. The solid magnesium hydroxide .was further washed with 100 L of water to 
• make it free from soluble impurities. 15.7 kg of Mg(OH) 2 with 86.9 % Mg(OH) 2 
content was obtained on drying in a tray drier. A part of the Mg(OH) 2 was calcined at 
!5 850<C yielding MgO of 90.0%. The 90 L of filtrate containing 22.3% CaCl 2 was used 
to desuiphate 90 L of SEL obtained in Example-3. The resultant slurry was filtered to 
obtain 142 L of desulphated SEL and 21.0 kg of gypsum by-product. 57 L of 
desulphated SEL was mixed with 41 L of desulphated end bittern from Example-1 
having Mg concentration of 10.3 %. The resultant solution was subjected to forced 
0 evaporation in an open pan evaporator till the Solution attained a boiling point of 
120°C. The hot liquor was filtered to separate 5.5 kg of crude NaCl having 
composition: NaCl- 85%, KCl-2.9% and MgCl 2 -12.1%. The filtrate was cooled in a 
tank to crystallize camallite. The resultant slurry was filtered to obtain 11.3 kg of 
camallite analysing as KCl -21.7%, NaCl-9.7 %, MgCl 2 -31.4%, and CaS0 4 - 2 7% 

12 " ' 
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-d 48 L of end bittern anting as MgCl 2 -40.2%, KG, - 0.8 * NaCl - 1 1 «/, 9 2 
^ ;7 te ^ d ~ ^ " of water to d f^d to g et 0 l" 

=r ~r Nac, ' 2a2% - m — - -sl^ rr 

ftfeot . A , . - 3 - 3 %;MgCl 2 ~0.4%and CaS0 4 - 6.0 and 2 2 L 

which L „° f ib ° Ve " L ° f «* with 

2* «* - Produced „ „. ^ „ ^ ^ ^ * 

21.5% and CnSC,- traces, and 15 L of water was treated with 2.5 Kg of j£ 

ZorlT" **** 90 % ^ f0 ' 1 ^ ~ — T was ottered 
r Q T,r 10 L " — » 34 L of mo-ate containing 7.7 * 
Caa, ^ sohd m^nesiun, hydroxide was fcnhe, washed with ,0 L of water to 

Z ^ WM <° "SO andyzing as 92% MgO obtaining 0.034% 

B 2 0, as rmpunty. 34 L of CaCfe containing brioe was used <o desulphate 17 L of SEL 

17?." , u ■ SlUny '° • 52 k « <"• we. calcium 

sulphate and obtain 49 L of desulphated SEL having Mg content of 2.03 % 75 L of 

end btttetn having Mg concenhaiou of 9.6 % obtained from previous experiment was 
added ,o the desn.pha.ed SEL. The resuta, soluUon mixture was subjected «o forced 
evaporanon in open pan evaporator tUl the boiling point of Ore solution is 126-C The 
hot liquor was cooled in a tank to crystallize camallite. The resultant starry was filter 
to obtain 18.8 kg of carnallite having chemical composition: K C1 - 14.3 % NaCl -12 7 
%, MgCfc - 31.9 % and DM, - ,.9 % and 46.5 L of end bittern having chemical 
composition. MgCfe - 46.1%, KCl - 0.2 %, NaCl - 0.5 % . 18.8 kg of carruUltte was 
decomposed using 8 L of water and fllteted to ge, 15.5 L of CDL having chemical 
composition ;KC1- 4.8%, Nad 3.2%. MgCfe - 32.5% am! CaSO, - trace* and 5.7 
kg CDP having chemical composition: KCl- 33.9% and N.C1- 46.3%, MgCI,-! 4% 
CaSC.,-5.1% and Moisture-13%. The CDP was subjected to hot leaching along with 
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« in the following exampIe by ^ ^ (o separaB Ka ^ ^ 

EXAMPLE-8 

« KCl m V^JT^ " ^ K<Pe ™ eW »**■ compos 

KC1 - 5 .o%. Nad - 5.2%, MgCl, - 32.5% and CaSO, - trace,; and 15 L of water was 

T^ultao, s W waa filtered and aolida washed with 10 L „ f water to oZn 2, 5 L 
of filtrate containing 10.60 % CaCI, The ^ua . L 

washed with in r , magnesium hydroxide was further 

washed with 30 L of water to make it free from soluble impurities. The M g (OH) 2 was 
dned to obt ain 2.9 kg of M g( OH h and subsequently calcined to obtain causae cine" 
MgO having 95% Mg O content and 0.03 % B 2 0 3 impurity. The CaCl 2 containing 
solution was used to desulphate 25 L of SEL having chemical composition KCl - 7 2% 
NaCl - 1 2 .4 * MgSO< ,« % and MgCl 2 - , 5 %. The resultant slurry was filtld" 
to remove 5.7 kg of calcium sulphate and obtain 46 L of desulphated SEL having Mg 
content of 3.05 %. 33 L of end bittern having Mg concentration of 11.8 % JJ^ 
ftom previous experiment was added to the desulphated SEL. The resultant solution 
mixture was subjected to forced evaporation in an open pan evaporator till the boiling 
point of the solution is 125»C. The hot liquor was cooled in a tank to crystallize 
camallite. The resultant shiny was filtered to obtain 14 kg of carnallite having chemical 
composition: KCl - 15.0 %, NaCl - 24.7 * MgO, - 2SA%, and CaSC, - 4.0% and 
33.8 L of end bittern having chemical composition. MgCl 2 - 44.8%, KCl - 0.1 % and 
NaCl - 0.46 %. 14.0 kg of carnallite was decomposed using 6.3 L of water and fiLd 
to get 12 L of CDL having chemical composition: KCi - 5.6 %, NaCl 4.4%- M g CI 2 - 
27.6% and CaS0 4 - traces; and 5.0 kg of CDP having chemical composition- KC1- 
26-.rn.and NaCl-51.1%, MgCb-7.1* CaS0 4 -5.1% and moisture - 9.0% The CDP 
obtained along with CDP from Example-7 weighing 10.8. kg, was subjected to hot 
leaching by known method to obtain 3.5 kg of MOP having 93.6 % KCl content 
EXAMPLE- 9 

In this example, MOP produced in the above Example-8 was used to prepare 
SOP. 9.0 kg of kainite type of mixed salt analyzing as KCl - 14.2%, NaCl - 16 5% 
MgS0 4 - 40.2% , MgCl 2 - 1.2%, was reacted with 8 L of water for 2 hr. The slurry 
was centrifuged to get 3.0 kg of schoenite analyzing as K 2 S0 4 - 35.5%, Mg S0 4 - 
31.0%, and NaCl - 3.3%, and 9.5 L of filtrate (SEL) analysing as and KCl - 7 6% 
NaCl - 12.6%, MgS0 4 - 15.1%, MgCl 2 - 9.5%, 0.488 kg of schoenite was further 
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~W W.U, *. s „, utl0D of 0 , 90 ^ Mop (ftom ^ jn above 

0.7 3 L of wa Kr fcr 3.5 h, to yieW 0.255 kg SOP and 0.860 L of KEL L SOP 

N«CU0.6%.M e SO 4 - 5 .4./. W o KELaaKci^H 
NaCI - 1.4%, MgSO, - 7.7% , MgCfe- 4.1%. ' 
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